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Arrhythrnias and intracardiac 
the arterial switch operation 
conduction after 
Intraatrial baffling procedures such as the Mustard or Senning repair of transposition of the great 
arteries have been associated with a high incidence of cardiac arrhythmias. These abnormalities are 
thought o arise from trauma to the sinus node and atrial muscle during the procedure. In the 
arterial switch operation, there is little intraatrial manipulation other than the repair of the atrial 
septal defect. In theory, rhythm disturbances after the arterial switch operation should be less 
prevalent. From January 1, 1983, to December 31, 1990, 390 patients (230 with intact ventricular 
septum and 160 with a coexisting ventricular septal defect) underwent an arterial switch operation. 
Electrocardiograms and 24-hour Holter monitor studies were obtained in the 364 survivors at 
hospital discharge and during follow-up. Limited intracardiac electrophysiologic studies were 
performed 6 to 12 months after the operation. Results: Atrioventricular node function was preserved 
in most patients; seven patients (2%) had first-degree, two (0.7%) second-degree, and five (1.7%) had 
complete atrioventricular block (all with coexisting ventricular septal defect). All five patients with 
complete heart block received a permanent pacemaker. In those patients not having a permanent 
pacemaker, sinus rhythm was present in 96% on the surface electrocardiogram and 99% during 
24-hour Holter monitor studies (1 month to 8.5 years, mean 2.1 years after the operation). 
Intracardiac electrophysiologic studies (n = 158) demonstrated normal corrected sinus node 
recovery times and AH intervals in 97% of patients. Atrial ectopy was present in 152 of 172 (81%) 
patients, with the majority (64%) of patients having only occasional premature beats without 
repetitive forms. Ventricular ectopy was a frequent finding during 24-hour monitoring. At hospital 
discharge 70% had ventricular ectopy; these values fell to 57% (in patients with intact ventricular 
septum) and 30% (in patients with a coexisting ventricular septal defect) at follow-up. In the early 
postoperative p riod, there were 25 episodes of supraventricular tachycardia (14 of which required 
therapy), 6episodes of junctional ectopic tachycardia, nd 9 episodes of ventricular tachycardia. The 
incidence of supraventricular tachycardia had fallen to 5% at follow-up, with no atrial flutter or 
fibrillation noted. Three patients had ventricular tachycardia on follow-up Holter studies. In 
summary, our results confirm the theoretical advantages of anatomic orrection over atrial level 
correction of transposition of the great arteries with respect o preservation of sinus node function 
and low incidence of clinically significant tachyarrhythmias. (J THORAC CARDIOVASC SURG 1995;109: 
303-10) 
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The use of an intraatrial baffling procedure such as 
the Mustard 1 or Senning 2 repairs for transposition 
of the great arteries (TGA) has been associated with 
a high incidence of cardiac rhythm abnormalities) -9 
Sinus bradycardia, complicated by recurrent atrial 
flutter, is the most common management issue in 
this population and may contribute to late sudden 
death. These rhythm disturbances are thought to 
arise from trauma to the sinus node and atrial 
muscle from the extensive intraatrial suture lines 
required in the baffling procedure) ° 
During the arterial switch operation there is little 
intraatrial manipulation other than the repair of the 
atrial septal defect (either congenital or caused by 
balloon atrial septostomy). One of the major theo- 
retical advantages of anatomic orrection is that the 
limited atrial procedure should result in a signifi- 
cantly improved rhythm status of the survivors. The 
purpose of this report is to review our experience in 
patients that have undergone an arterial switch 
operation for treatment of TGA (with intact ven- 
tricular septum [IVS] and ventricular septal defect 
[VSD]), with attention to midterm cardiac rhythm 
status. 
Methods 
Our follow-up protocol has been previously reported. 11 
Each patient had at least one electrocardiogram (ECG) 
before the operation and before discharge. Follow-up 
ECGs were suggested at 1, 6, and 12 months after the 
operation and then annually. The available ECGs were 
retrospectively reviewed for rhythm, rate, conduction in- 
tervals, voltages, and ST segment and T-wave morphol- 
ogy. Age-corrected criteria 12 were used for interpretation. 
Twenty-four-hour ambulatory ECG (Holter) monitor 
studies were obtained at discharge and were suggested at 
6 to 12 months after discharge and then yearly. The 
discharge and last available recordings were reviewed for 
rhythm, rate, atrial ectopy, and ventricular ectopy. The 
frequency of atrial and ventricular arrhythmias was re- 
corded and defined as shown in Table I. During the initial 
hospitalization, episodes of clinically apparent achy- 
arrhythmias were recorded. 
A limited intracardiac electrophysiologic study was 
performed uring postoperative catheterization at 6 to 12 
months of age. 11 At this study, sinus node recovery times 
were measured and corrected to the sinus cycle length. 
The bundle of His was localized and AH (atrium to His 
bundle) as well as HV (His bundle to ventricle) intervals 
were recorded. Right ventricular apex activation times 
were also determined. These results were compared with 
published standards) 3 Group values are expressed as the 
mean _+ standard eviation. 
The electrophysiologic results in the first 49 survivors 
with TGA/IVS a~ and the first 62 patients with TGA/ 
VSD,14 which have been previously reported, are included 
in this study. Most of the patients in this report are 
Table I. Definitions of frequency of arrhythmia 
Atrial arrhythmias 
Occasional APBs 
Frequent APBs 
SVT (nonsustained) 
SVT (sustained) 
Ventricular arrhythmias 
Occasional 
Frequent 
Multiform 
Couplets 
VT (nonsustained) 
VT (sustained) 
<15/hr 
>15/hr 
<10 beats' duration 
>10 beats' duration 
Uniform VPBs with peak hourly 
count < 30 
Uniform VPBs with peak hourly 
count > 30 
2 or more morphologies regardless of
frequency 
2 consecutive ntricular ectopic 
beats 
3 to 30 consecutive ntricular ec- 
topic beats 
> 30 consecutive ntricular ectopic 
beats 
APB, Atrial premature b at; SV/;, supraventricular tachycardia; VPB, 
ventricular p emature b at; I/Z, ventrieular t chycardia. 
followed up in other institutions, which in part explains 
the variability in follow-up intervals and protocol compli- 
ance. Cross-sectional follow-up was obtained by contacting 
the primary cardiologists in June 1992 for follow-up infor- 
mation. Overall results and factors related to mortality after 
the arterial switch operation are reported elsewhere. 15
Results 
Patient population. Between January 1, 1983, 
and December 31, 1990, 390 patients underwent an 
arterial switch operation at Children's Hospital, 
Boston, with 364 (93.3%) survivors. TGA/IVS was 
present in 230, and the other 160 had a coexisting 
VSD. The mean age at operation was 30 -+ 92 days 
(range 1 day to 2.8 years, median 6 days) in those 
with TGA/IVS and 6 _+ 13 months (2 days to 7.8 
years, median 2 months) in those with TGA/VSD. 
Immediately after the operation (while the patients 
were in the cardiac intensive care unit), there were 
25 episodes of supraventricular tachycardia, of 
which 14 necessitated therapy (either medical or 
overdrive atrial pacing). Only 3 of these 25 episodes 
were due to atrial flutter. In addition, 6 patients had 
hemodynamically significant junctional ectopic 
tachycardia nd 9 had ventricular tachycardia, ll of 
which were treated. 
No patient had symptomatic arrhythmia or syn- 
cope during follow-up. At the time of the follow-up 
studies, 2 patients (both with TGA/VSD) were 
receiving a /3-adrenergic blocker. No other patient 
was receiving antiarrhythmic medications (other 
than digoxin). 
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Table II. Surface ECG 
TGA/IVS TGA/VSD 
Postop. Follow-up Postop. Follow-up 
(n = 199) (n = 147) (n = 149) (n = 147) 
Sinus rhythm 195 (98%) 143 (97%) 139 (93%) 138 (94%) 
Rate (beats/min) 
Mean 141 110 131 118 
Range 100-205 60-80 75-195 55-190 
PR interval (sec) 
Mean 0.11 0.12 0.12 0.12 
Range 0.07-0.17 0.08-0.21 0.08-0.28 0.08-0.24 
QRS duration (sec) 
Mean 0.06 0.07 0.09 0.09 
Range 0.04-0.13 0.04-0.12 0.04-0.18 0.04-0.18 
First-degree AV block 5 (2.5%) 3 (2%) 3 (1.3%) 4 (3%) 
Second-degree AV block 1 (0.5%) 0 0 2 (1%) 
Third-degree AV block 0 0 6 (4%) 5 (3%) 
RSR' 54 (27%) 45 (31%) 5 (3.4%) 29 (20%) 
CRBBB 9 (5%) 5 (3%) 66 (44%) 75 (51%) 
Bifascicular block 1 (0.5%) 1 (0.6%) 10 (6.7%) 12 (8.2%) 
RAE 23 (12%) 3 (2%) 24 (16%) 14 (10%) 
LAE 7 (3.5%) 1 (0.6%) 13 (9%) 7 (5%) 
RVH 74 (37%) 25 (17%) 36 (24%) 31 (21%) 
LVH 5 (2.5%) 12 (8%) 7 (5%) 6 (4%) 
Ischemia 12 (6%) 2 (1%) 4 (3%) 3 (4%) 
NSSTWC 58 (29%) 20 (12%) 14 (9%) 16 (11%) 
ECG, Electrocardiography; TGA, transposition f the great arteries;/VS, intact ventricular septum; VSD, ventricular septal defect; postop., obtained at 
hospital discharge;AV, atrioventricular; CRBBB, complete right bundle branch block; RAE, right atrial enlargement;/ME, leftatrial enlargement; RVH, right 
ventricular hypertrophy; LVH, left ventrieular hypertrophy; NSSTWC, nonspecific ST-T wave changes. 
Surface 12-lead ECGs (Table II). ECGs obtained 
at hospital discharge were available for review in 199 
(87%) survivors with TGA/IVS. The rhythm was 
sinus in 195 (98%), 3 had an ectopic atrial rhythm, 
and 1 had atrial bigeminy. The mean heart rate was 
141 _ 16 beats/rain (range 100 to 205 beats/min). 
The mean PR interval was 0.11 _ 0.02 second 
(range 0.07 to 0.17 second), 5 patients had first- 
degree heart block (PR interval > 160 msec), and 
one had Mobitz type II block. No patient with 
TGA/IVS had complete heart block. The mean 
QRS duration was 0.06 _ 0.01 second (range 0.04 to 
0.13 second); 54 (27%) patients had an RSR' pat- 
tern and 9 (5%) had a complete right bundle branch 
block pattern. 
ECGs obtained at hospital discharge were avail- 
able for review in 149 (93%) survivors with TGA/ 
VSD. The rhythm was sinus in 139 (93%). In the 
remaining 10, ectopie atrial rhythm was present in 2 
(1.3%), junctional rhythm in 2 (1.3%), and a ven- 
tricular paced rhythm in 6 (4%). Excluding patients 
with ventricular pacing, the mean heart rate was 
131 _+ 20 beats/min (range 75 to 195 beats/rain) and 
the mean PR interval was 0.12 +_ 0.02 second (range 
0.08 to 0.28 second). The mean QRS duration was 
0.09 + 0.02 second (range 0.04 to 0.18 second), with 
a complete right bundle branch block in 66 (44%), 
bifascicular block in 10 (6.7%), and an RSR' pattern 
in 5 (3.4%). First-degree heart block was seen in 2 
patients (1.3%). 
Follow-up ECGs were reviewed in 147 patients 
with TGA/IVS. The mean length of follow-up was 
2.0 _+ 2.0 years (range 1 month to 8.7 years, median 
12.8 months). Sinus rhythm was present in 143 of 
147 (97%) patients. Ectopic atrial rhythm was seen 
in 2 patients and junctional rhythm in 1. The mean 
heart rate was 110 + 24 beats/min (range 60 to 180 
beats/min). The mean PR interval was 0.12 _+ 0.02 
second (range 0.08 to 0.21 second). First-degree 
heart block was seen in 3 (2%). No second- or 
third-degree block was present. The mean QRS 
duration was 0.07 + 0.01 second (range 0.04 to 0.12 
second) with complete right bundle branch block in 
5 patients (3%) and an RSR' pattern in 45 (31%). 
Follow-up ECGs were reviewed in 147 patients 
with TGAfVSD. The mean length of follow-up was 
1.3 + 1.7 years (range 1 month to 7.8 years, median 
8.5 months). The rhythm was sinus in 138 (94%). An 
ectopic atrial rhythm was present in 3 (2%) patients, 
a junctional rhythm in 1 (0.6%), and 5 were paced 
306 Rhodes et aL 
The Journal of Thoracic and 
Cardiovascular Surgery 
February 1995 
Table III. Twenty-four-hour Holter monitor 
TGA/IVS TGA/VSD 
Postop. Follow-up Postop. Follow-up 
(n = 189) (n = 172) (n = 136) (n = 46) 
No. % No. % No. % No. % 
Sinus rhythm 185 98 171 99 126 93 44 96 
Occasional APB 108 57 110 64 95 70 21 46 
Frequent APB 40 21 30 17 20 15 1 2 
SVT (nonsustained) 7 4 7 4 3 2 0 
SVT (sustained) 16 8 5 3 2 1 0 
Occasional VPB 97 51 71 42 78 57 13 28 
Frequent VPB 9 5 8 5 5 4 1 2 
Multiform VPB 0 0 0 0 
Couplets 18 10 19 11 4 3 0 
VT (nonsustained) 2 1 2 1 1 0.5 0 
VT (sustained) 4 2 1 0.5 1 0.5 0 
TGA, Transposition f the great arteries;/VS, intact ventricular septum; VSD, ventricular septal defect; postop, obtained at hospital discharge; APB, atrial 
premature b ats; SVT;, supraventricular tachycardia; VPB, ventricular p emature b ats; VT, ventricular tachycardia. 
for complete heart block. First-degree block was 
seen in 4 (3%) and Mobitz type II in 2 (1%). 
Excluding paced patients, the mean heart rate was 
118 _+ 29 beats/min (range 55 to 190 beats/min) and 
the mean PR interval was 0.12 _+ 0.02 second (range 
0.08 to 0.24 second). The mean QRS duration was 
0.09 _+ 0.02 second (range 0.04 to 0.18 second) with 
complete right bundle branch block present in 75 
(51%), bifascicular block in 12 (8.2%), and RSR' in 
29 (20%). 
Other abnormal findings een on the surface ECG 
(e.g., chamber enlargement and hypertrophy, ST 
segment abnormalities) are also presented in Table 
II. 
Twenty-four-hour ambulatory ECG monitoring 
(Table III). Discharge Holter monitors were re- 
viewed in 189 (82%) of the hospital survivors with 
TGA/IVS. Predominant sinus rhythm was found in 
185 (98%) patients, and ectopic atrial rhythms were 
present in 4 (2%). The lowest rate was 114 _+ 17.0 
beats/min (range 72 to 150 beats/min), and the 
upper rates were 175 _+ 18.2 beats/min (range 137 to 
270 beats/min). Occasional atrial ectopy was seen in 
108 (57%) patients and frequent atrial ectopy in 40 
(21%). Episodes o f  supraventricular tachycardia 
were seen in 23 (12%) patients; 16 (8%) patients 
had sustained and 7 nonsustained supraventrieular 
tachycardia. One episode of atrial fibrillation oc- 
curred and no episodes of atrial flutter. Ventricular 
ectopy was present in 130 (69%) patients. The 
ventricular ectopy was occasional in 97 (51%) and 
frequent in 9 (5%) patients. There were 18 (10%) 
patients with couplets. Ventricular tachycardia was 
seen in 6 (3%) patients, 2 having short runs and 4 
having sustained ventricular tachycardia. 
Discharge Holter monitors were reviewed in 136 
(85%) of the hospital survivors with TGA/VSD. The 
rhythm was sinus in 126 (93%) with ectopic atrial 
rhythm present in 2 (1%) and accelerated junctional 
rhythm in 3 (2%); 5 were paced for complete heart 
block. The lowest rates were 101 _+ 17.6 beats/min 
(range 52 to 145 beats/min), and upper rates were 
167 +_ 25.9 beats/min (range 109 to 264 beats/min). 
Occasional atrial ectopy was seen in 95 (70%) 
patients and frequent atrial ectopy in 20 (15%). 
Episodes of supraventricular t chycardia were noted 
in 5 (4%) patients; of these 3 had nonsustained and 
2 had sustained tachycardia. One episode of atrial 
flutter occurred. Ventricular ectopy was present in 
89 (65%) patients, occasional in 78 (57%) and 
frequent in 5 (4%). Couplets were noted in 4 (3%) 
patients. Two (1%) had ventricular tachycardia--1 
being sustained (35 seconds at 150 beats/min) and 
the other a short 15-beat salvo at 170 beats/min. 
Follow-up Holter monitor studies were per- 
formed in 172 hospital survivors with TGA/IVS, at a 
mean of 2.1 + 1.6 years (range i month to 8.6years, 
median 1.8 years) after the arterial switch operation. 
Sinus rhythm was present in all but 1 patient who 
had an ectopic atrial rhythm. The average low rate 
was 102 +_ 26 beats/min (45 to 150 beats/min), and 
the upper rate was 174 _+ 21 beats/min (100 to 225 
beats/min). Occasional ectopic beats were seen in 
110 (64%) patients and frequent atrial ectopic beats 
in 30 (17%). Episodes of supraventricular tachycar- 
dia were seen in 12 (7%) patients. Of these, 7 
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episodes were nonsustained and 5 were sustained. 
No atrial flutter or fibrillation was noted. Ventricu- 
lar ectopy was present in 101 (59%) patients. Occa- 
sional ectopy was noted in 71 (41%) and frequent in 
8 (5%). Couplets were noted in 19 (11%) patients. 
Episodes of ventricular tachycardia were seen in 3 
(2%) patients. Of these, 1 episode was sustained (45 
seconds at 160 beats/min) and 2 were short runs (8 
beats at 145 beats/min and 12 beats at 130 beats/min). 
Follow-up Holter monitor studies were per- 
formed in 46 hospital survivors with TGA/VSD, at a 
mean of 2.4 _+ 1.7 years (range i month to 7.5 years, 
median 1.8 years) after the arterial switch operation. 
The rhythm was sinus in all but 2, which were paced. 
The average low rate was 73 _+ 21 beats/rain (range 
44 to 129 beats/rain), and the upper rate was 173 _+ 
22 beats/min (range 116 to 219 beats/min). Occa- 
sional atrial ectopy was present in 21 (46%) patients 
and frequent atrial ectopy in 1 (2%). There were no 
episodes of supraventricular t chycardia. Ventricu- 
lar ectopy was present in 14 (30%), being occasional 
in 13 (28%) and frequent in 1 (2%). No episodes of 
ventricular tachycardia occurred. 
Intracardiac electrophysiology. An intracardiac 
electrophysiologic study was performed uring car- 
diac catheterization in 110 hospital survivors with 
TGA/IVS, at a mean of 12 _+ 8.1 months (range 2 
months to 5.9 years, median 11 months) after the 
arterial switch operation. The corrected sinus node 
recovery time ranged from 35 to 310 msec. Three 
(3%) patients had values greater than 275 msec, the 
upper limit of normal. The AH intervals were 30 to 
140 msec, with 12 (11%) patients having values 
between 90 and 100 msec and 5 (4.5%) patients with 
values greater than 100 msec (the upper limit of 
normal). The HV intervals ranged from 15 to 80 
msec. Four (3.6%) patients had values greater than 
50 (the upper limit of normal). The right ventricular 
apex activation times were 5 to 40 msec, all within 
the normal (15 to 40 msec) range. 
An intracardiac electrophysiologic study was per- 
formed during cardiac atheterization in 48 hospital 
survivors with TGA/VSD, at a mean of 11 _ 4 
months (range 2 months to 1.8 years, median 10 
months) after the arterial switch operation. The 
corrected sinus node recovery time ranged from 50 
to 500 msec with 6 (12.5%) patients have values 
greater than 275 msec. The AH intervals were 50 to 
110 msec with 5 (10%) being between 90 and 
100 and 2 (4.2%) greater than 100 msec. All HV 
intervals were in the normal range. The right ven- 
tricular apex activation times were 10 to 80 msec, 
with 8 (17%) patients having values greater than 
40 msec. 
Discussion 
Since 1983, the arterial switch operation has been 
the procedure of choice at Children's Hospital, 
Boston, for surgical management of patients with 
TGA/IVS, TGA/VSD, and transposition-like forms 
of double-outlet right ventricle. This report reviews 
the early and midterm (up to 8.6 years) rhythm 
status in 364 survivors of the arterial switch opera- 
tion. Both noninvasive and invasive techniques were 
used. The results are similar to those previously 
reported, lO, 11, 16-19 in that there appears to be a very 
low incidence of significant rhythm disturbances after 
the arterial switch operation. 
The majority of patients in this study had pre- 
served sinus node function, as observed by the fact 
that 281 of 294 (96%) with follow-up ECGs had 
normal sinus rhythm at a follow-up ranging from 1 
month to 8.5 years. This observation was also sup- 
ported by follow-up 24-hour ambulatory monitoring, 
during which 214 of 217 (99%) had predominant 
sinus rhythm at follow-ups ranging from 1 month to 
8.6 years. The results of invasive intracardiac elec- 
trophysiologic studies also demonstrated normal 
corrected sinus node recovery times in 153 of 158 
(97%) patients at a mean follow-up of approxi- 
mately 1 year, in agreement with a previous report 
by Vetter and Tanner. 17 
These results contrast sharply with data reported 
after atrial correction where, in one report by Flinn, 
Wolff, and Campbell, 2° only 74% of patients were in 
stable sinus rhythm at 1 year's follow-up and only 
35% at 10 years. Although studies by Turley and 
Ebert 21 and de Begona nd associates 2z suggested a 
lower incidence of arrhythmias in patients who 
underwent an early atrial evel repair compared with 
those undergoing repair in later life, most reports 
suggest an incidence of rhythm disturbances in 
patients undergoing an atrial level repair of TGA 
ranging from 30% to 100%. 3, 5-7, 23 Suggested mech- 
anisms for atrial conduction abnormalities after 
atrial level correction are (1) damage to the sinus 
node or its blood supply, 5' 24 (2) interruption of 
intraatrial conduction pathways, 25and (3) damage 
to the atrioventricular node or its blood supply. 26 
Previous attempts have been made to protect hese 
structures with surgical modifications ofthe Senning 
and Mustard procedures, but these have met with 
limited success. 26-2s Also, despite some early opti- 
mism that the various modifications of the Senning 
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procedure might decrease the incidence of atrial 
ectopy,29, 3o there appears to be little difference in 
the incidence of late sinus node dysfunction and 
atrial arrhythmias in patients undergoing either a 
Mustard or a Senning procedure. TM 32 
The decreased incidence of atrial arrhythmias 
after the arterial switch operation is likely due to the 
limited atrial operation; cannulation of the right 
atrial appendage, atriotomy, and suture (or patch) 
closure of the atrial defect (either congenital or 
iatrogenic) are the only intraatrial manipulations 
during the arterial switch operation. Also, because 
patients having a primary arterial switch operation 
must undergo repair in the neonatal period, the 
likelihood of a prior surgical atrial septectomy is
lessened. In 1983, Arensman and associates 19pro- 
posed that the lower incidence of postoperative 
arrhythmias in patients having an arterial switch 
operation may be due to changes in the septectomy 
(a modified Blalock-Hanlon) and the fact it could be 
closed with a single suture. This allowed the atrial 
septum to be left basically intact without damage to 
the sinus node or its blood supply, specialized 
intraatrial conduction pathways, or the atrioventric- 
ular node. It was also suggested that the intraatrial 
suture lines lead to scarring that produce areas of 
slow conduction that in turn predispose to reentry 
tachycardia. 
In our study group, atrioventricular conduction 
was also well maintained as demonstrated on fol- 
low-up ECG, with only 7 (2%) patients with first- 
degree block, 2 with second-degree block, and 5 with 
complete atrioventricular block. All patients with 
second- and third-degree block had an associated 
VSD closed at the time of the arterial switch oper- 
ation. The AH and HV intervals were also normal in 
the majority of cases. 
Complete right bundle branch block was a com- 
mon finding in patients with TGA/VSD after surgi- 
cal correction, although bifascicular block and com- 
plete heart block were rare. In patients with TGA/ 
VSD having invasive electrophysiologic study after 
operation, the complete right bundle branch block 
was "central" in all but 1 patient, suggesting that the 
cause was the VSD closure. In contrast, 5 patients 
with TGA/IVS also had complete right bundle 
branch block, which persisted uring the follow-up 
period. In 4 of these patients, a small branch of the 
left coronary artery supplying the infundibulum was 
sacrificed to allow adequate posterior mobilization 
of the left coronary artery. This resulted in a small 
area of infarction in the infundibulum and, most 
likely, a "peripheral" complete right bundle branch 
block (invasive right ventricular apex activation 
times were not measured in these 4 patients). The 
remaining patient with TGA/IVS and a complete 
right bundle branch block had division of right 
ventricular muscle bundles 3 weeks after the arterial 
switch operation; at follow-up catheterization, right 
ventricular apex activation time was not measured. 
Both atrial and ventricular ectopy are somewhat 
more prevalent in our patient population than pre- 
viously reported after the arterial switch operation; 
Martin, Radley-Smith, and Yacoub w found only 
23% of 40 patients with TGA/IVS had supraventric- 
ular premature beats, at a mean follow-up of 3.1 
years after an arterial switch operation. In this study 
152 of 172 (81%) patients had atrial ectopy at a 
mean follow-up of 2.1 years, the majority (64%) of 
whom had only occasional ectopy. In addition, 70% 
of patients (both TGA/IVS and TGA/VSD) had 
ventricular ectopy on their discharge Holter monitor 
studies. These values fell to 57% and 30%, respec- 
tively, at the time of follow-up studies. In a previous 
report, Deanfield, Camm, and Macartney 33 found 
47% of patients had ventricular ectopy at discharge 
and 24% at follow-up. 
In our patient population, arrhythmias were much 
more frequent immediately after the operation than 
at discharge or during follow-up. These included 25 
episodes of supraventricular tachycardia, 6 of junc- 
tional ectopic tachycardia, nd 9 episodes of ventric- 
ular tachycardia. In our study, the number of pa- 
tients with supraventricular tachycardia at follow-up 
had fallen to 12 (5%) with no atrial flutter or 
fibrillation noted. Three patients had ventricular 
tachycardia on follow-up Holter monitor studies 
with the longest episode being 15 beats at 150 
beats/min. 
The incidence and severity of ventricular ectopy 
and nonsustained ventricular tachycardia seen on 
the 24-hour ambulatory ECG at discharge was 
somewhat surprising. Although late follow-up stud- 
ies seem to show a decreasing incidence of ventric- 
ular ectopy/tachycardia with time, serial studies 
were not obtained in a large number of patients. 
This variability in follow-up compliance thus makes 
it difficult to accurately quantify the long-term sig- 
nificance of this finding. Also, there is no adequate 
"control" population with which to compare our 
findings. Although isolated ventricular ectopy and 
ventricular tachycardia are certainly more prevalent 
than that in normal infants, other neonates and 
infants who have had other types of cardiac surgery 
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(with myocardial ischemia and cardioplegia) seem 
to be a more analogous control group. At present, 
these studies are not available. 
Potential causes of postoperative ventricular ec- 
topy include (1) ischemia after coronary mobiliza- 
tion and transfer, (2) VSD closure (when present), 
and (3) electrolyte imbalance from diuretic therapy. 
Although ventricular ectopy does not seem to be a 
clinical problem over the short term, the incidence 
and severity probably decrease with time (in contrast 
to atrial level repairs). 1-l°' 20, 22, 24-28, 33 Moreover, a 
recent study showed no exercise-induced ectopy 
(atrial or ventricular) in 23 patients after an arterial 
switch operation. 34 Regardless of the cause, ventric- 
ular ectopy may be a marker for ventricular dysfunc- 
tion or coronary insufficiency and requires serial 
follow-up. 
In summary, our results confirm the theoretical 
advantages of anatomic correction by the arterial 
switch operation over atrial level correction of TGA 
with respect o better preservation of the conduction 
system and the elimination of significant sinus node 
disease. 
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